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Field of the Invention 

The present invention pertains generally to automated manufacturing, and more 
particularly to machinery and methods for automated manufacture of structures and products 
made of foam or other weldable materials. 

Background of the Invention 

Industrial processing of foam material has advanced to the point of automated production 
of completed or ready-to-use foam components. Finished foam components are generally in the 
form of discrete structures which are then installed or otherwise integrated into a subassembly or 
final product. In products where two or more discrete foam components are to be combined, they 
are typically held together by a surrounding structure, or by an adhesive. Products which include 
multiple foam components with complex or differing shapes in multiple dimensions, are 
necessarily more difficult to assemble, and very difficult to automate the production thereof. 

Co-pending U.S. patent application no. 10/402,612 describes a unitized thermoplastic 
foam structure which serves as a surrounding structure for an innerspring for a seat or mattress or 
other support device. Thermoplastic foam structures are unitized by thermal bonding or welding 
at the interfaces of discrete foam components. As explained in the related application, when 


thermoplastic foams are used, thermal bonding is preferred over the use of adhesive because the 
cost and application of the adhesive is eliminated. Thermal bonding however requires controlled 
application of a heat source at the interface of the foam components. While this can be done 
manually in various ways, an automated system would be preferable for manufacturing 
consistency. 

Summary of the Invention 

The present invention provides an automated foam structure manufacture apparatus and 
method which performs the tasks of positioning and holding discrete foam components and 
forming welds or other types of bonds between the foam components. In accordance with one 
general aspect of the invention, there is provided an apparatus for manufacture of foam 
structures, the apparatus having a platform for supporting at least two foam components to be 
welded together; a foam component positioning mechanism for positioning a first foam 
component relative to a second component, and a foam welding head mounted to travel along an 
interface between the first and second foam components and operative to weld the first and 
second foam components together. 

In another general aspect of the invention, there is provided an apparatus for manufacture 
of foam structures which includes a platform for supporting a first foam component and a second 
foam component in contact with the first foam component at an interface; a clamp for 
maintaining the second foam component in a position relative to the first foam component; and a 
welding head operative to weld the first foam component to the second foam component at the 
interface, the welding head having an interface blade and a nozzle configured to pass through the 
interface. 

These and other general and more specific aspects, features, improvements and 
advantages of the invention are herein described in particular detail with reference to the 
accompanying drawings. 
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Description of the Drawings 

In the Drawings: 

FlG. 1 is a perspective view of an automated foam structure manufacture apparatus of the 
present invention, in the production of a welded foam structure made of thermally welded 
discrete foam components; 

FIGS. 2 and 3 are detailed perspective views of a welding and trimming head assembly of 
the automated foam structure manufacture apparatus of the invention; 

FIGS. 4 through 6 are side views of a welding and cutting head assembly of the automated 
foam structure manufacture apparatus of the invention; 

FlG. 7 is a side elevation view of a mattress innerspring and foam assembly in position 
upon a support structure of the foam structure manufacture apparatus of the invention, and 

FlG. 8 is a perspective view of an alternate embodiment of a foam welding apparatus of 
the invention. 

Detailed Description of Preferred and Alternate Embodiments 

FIG. 1 illustrates an apparatus for automated manufacture of foam structures, indicated 
generally at 10, which includes a platform 15 upon which one or more foam components, and 
other non-foam components if required, are placed during the welding process. The platform 15 
provides a support surface for any components of a mattress or other device or product which 
includes foam pieces to be welded together by the foam structure manufacture apparatus 10. In 
the case of a mattress, one such internal component may include an innerspring assembly I, 
which may be in the form of interconnected wire coil type springs. Alternatively, the innerspring 
I may be in the form of pocketed or Marshall type coils wherein individual coils are contained 
within compartments of fabric or other flexible material and held in an array by such material. 
Alternatively, the innerspring may consist partially or entirely of foam, such as high density latex 
foam, about which other foam components are assembled as further described herein. 

The platform 1 5 also serves as an initial staging or assembly area for components which 
are to be assembled with foam welded pieces. For example, as shown in FIG. 1 , the innerspring I 
is placed on platform 1 5 in combination with one or more foam components which may be 
arranged proximate to the innerspring I, such as foam deck 100 overlying a major support surface 
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defined by the co-planar ends of the springs of the innerspring I, or which may be pre-engaged 
with the innerspring, such as foam walls 200 which have flanges 205 which are engaged by the 
peripheral springs of the innerspring I. The following example of the claimed apparatus and 
method is made with reference to this particular combination of components to form a mattress 
or other flexible support structure, although it is understood that the concepts and principles of 
the invention are equally applicable to components and combinations of components of many 
other types, including the described automated fusing or welding of two or more foam 
components and in combination with other components or assemblies. 

With the foam deck 100 and foam side walls 200 so relatively arranged, and further in 
combination with the innerspring I, it is preferred to fixedly attach the foam deck 100 to the foam 
wall or walls 200 by a bond at the interface 101 of the components, as shown for example in FIG. 
7. To hold the described components in tight alignment and registration, the apparatus 10 
includes a component handling mechanism which engages the innerspring I and draws it tightly 
against rails 30, which for a mattress innerspring are in the form of two perpendicular rails 30 
with vertical surfaces which face the mattress innerspring, but could be configured and 
positioned to receive components of various shapes. One example of a type of component 
handling mechanism operates in the following manner. With the springs S of the innerspring I 
exposed to the surface of platform 15, the innerspring I is engaged by translatable prongs 20 
which are operative to project upward from the surface of platform 15 into the interior of the 
innerspring I and to bear against the wire of the proximate spring or springs S, and to translate 
laterally toward rails 30 thus drawing the innerspring I and any adjoining components such as 
walls 200 tightly against the rails 30. This is also referred to herein as a "gripping mechanism" 
or "gripper". The prongs 20 of the gripping mechanism can of course be differently configured 
for gripping or engagement with other types of components or objects. As shown in FIG. 7, the 
height of the rails 30 may be less than the height of the walls, so that the rails 30 do not interfere 
with the foam deck 100 which may extend beyond the walls 200 prior to trimming, as further 
described. 

The interface 101 of the first and second foam components (foam deck 100 and foam side 
walls 200) is formed by the areas in which surfaces of the two components are in a face-to-face 
relationship, such as shown for example in FIGS. 4-7. In a particular interface region where a 
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weld is to be formed, for example at the contact areas between the foam deck 100 and the edge of 
wall 200, it is preferable to holding the two adjoining foam components in position prior to and 
during the welding process. This is accomplished in one manner by a pressure bar or clamp 30 
which is actuated to extend downward upon foam deck 100 over wall 200 to compress the two 
foam components together. The pressure which clamp 40 applies is set according to the amount 
required to maintain alignment and registration of the two pieces, and proximity for a weld to be 
formed at the interface. 

The apparatus 10 of the invention welds together foam components by applying heat 
along the interface 101 . In one embodiment, the apparatus includes a welding head, indicated 
generally at 50 in FIGS. 2, 4 and 5, which is mounted to travel in a path proximate to the 
interface 101 to be welded, or proximate to rails 30 in order to operate upon the foam 
components proximate thereto. For example, the welding head 50 can be mounted to a linear 
actuator or bearing block 55 which is mounted for linear translation upon a track 60. The track 
60 runs parallel to rails 30 and a corresponding edge of platform 15. The entire welding head 50 
can be powered for linear movement along track 60, as for example* by belt, chain or geared 
power to travel the length of track 60 and the length of an interface to be welded. 

The welding head 50 includes an interface blade 52 configured to pass between two foam 
components at the interface. The interface blade 52 acts as a divider between the opposing 
surfaces of interface of the foam components as it travels along the interface of the foam 
components with the welding head. The interface blade 52 is shown in a horizontally oriented 
position, but can be positioned otherwise depending upon the particular orientation of the 
interface to be welded. Proximate to the interface blade 52 is a nozzle 53 positioned within a 
nozzle shroud 54 which extends from the interface blade 52. The nozzle 53 has one or more 
ports 55 which are oriented to direct hot welding gas, such as heated air, onto one or both of the 
opposed surfaces of the foam components. A welding energy source is provided through 
coupling 56 which may be, for example, an air heating element or other thermal device for 
delivery of heated air or other gas or gases to nozzle 53. The interface blade 52 and nozzle 
shroud 54 temporarily separates the two foam components at the interface 101 as hot air or other 
welding gas is directed onto the foam. The temperature of the welding gas or air is sufficient to 
put a surface layer of one or both of the foam components into a fluid state. Immediately upon 
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the passage of nozzle 53 , the foam components are re-compressed together under the pressure of 
clamp 40, as indicated by the leftward-pointing arrow in FIG. 6, thus creating a thermal weld 
between the components at the interface. The length of the nozzle 53 and nozzle shroud 54 can 
be selected to cover all or a part of the interface between two components. The nozzle and 
nozzle shroud may extend beyond an interface without consequence if there is no other material 
in the area which will be damaged by the heat of the welding gas. Also, the ports of the nozzle 
53 can be oriented for optimal heat distribution at the interface of the opposing foam surfaces, as 
can the speed of travel of the welding head along track 60. 

The apparatus 10 also performs a trimming function for excess foam material of one or 
both of the welded components. As shown in FIGS. 2-6, a trimming blade 70 is mounted to 
welding head 50 or to the bearing block 55 and is positioned to travel adjacent to an exterior 
surface of one of the foam components, such as the exterior vertical surface of wall 200 adjacent 
the foam deck 100. Any excess material of the foam deck 100 which overhangs the exterior 
vertical surface of wall 200 is removed by the blade 70 as it travels the length of the interface of 
these components. The trimming blade 70 can be of the rotary type as shown, driven by a rotary 
drive motor also mounted on the welding head or bearing block, or may be in the form of a 
straight or curved blade, heated, serrated or powered to reciprocate, as required or desired 
depending upon the type of material to be cut and the cutting rate required. Other types of 
cutting tools can also be utilized in accordance with this invention, including but not limited to 
hot wire cutters, lasers and water jets. All such devices and systems for cutting or trimming foam 
components are referred to herein as "trimmers". 

As shown in FIG. 1, the described parts and systems of the welding apparatus 10 can be 
replicated and arranged in multiple dimensions in order to perform simultaneous welding 
operations on different areas of an article upon the platform 1 5. As shown, the rails 30 are 
arranged orthogonally to receive a rectangular mattress form at an intersection. Clamps 40 are 
provided with each rail 30 to maintain the mattress in position. A separate welding head 50 
mounted on a corresponding track 60 is provided along each rail 30 to perform the welding 
operation at the interfaces along the corresponding side of the mattress. The separate welding 
heads 50 can be controlled to operate simultaneously whereby both of the edges at the 
corresponding rails 30 are simultaneously welded and trimmed. The welding heads 50 are 
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thereafter controlled to return to the start positions shown in FIG. 1 . This operation of the 
welding apparatus can of course be controlled by computer or other type of digital controller such 
as statistical process or programmable logic controllers as known in the art, and the automated 
control of the welding apparatus further integrated with other operations such as placement of the 
workpiece, including the foam components and any internal components on to, about or removed 
from the platform 15. Other operations, such as spot welding, gluing, fastening and other 
manufacturing operations can be performed simultaneously or in conjunction with the operation 
of the foam structure manufacture apparatus. 

FIG. 8 illustrates an alternate embodiment of a foam welding apparatus of the invention 
which is used to fuse or weld together two or more pieces of foam material. In this embodiment, 
the apparatus 500 can be made as shown in a hand-held configuration with a body 501 to which 
are mounted one or more guides or rollers 502 for alignment and/or contact with foam 
components which are to be welded together. Although illustrated in the form of rollers, the 
guides 502 can alternatively be planar, angled or curved pieces with surfaces oriented to bear 
against a surface of a foam component proximate to an interface with another foam component 
where a weld is made. A coupling 56 is attached to the body 501 for delivery of a welding 
energy source to the apparatus, which as described can be heated air or gas or plasma material, to 
the delivery nozzle 53 shown projecting through or mounted to a mounting fixture 503 attached 
to body 501 . The nozzle shroud 54 and interface blade 52 can also be mounted to fixture 503 as 
shown. Alternatively, the coupling 56 and nozzle 53 (and nozzle shroud 54 and interface blade 
52) can be mounted directly to body 501 without any additional hardware or mounting fixtures. 
Any type of handle, such as handle 505 shown, can be attached to the body 501 for manipulation 
of the apparatus 500 along an interface of two or more foam components to create a weld 
therebetween. Alternatively, the body 501 can be configured as a grip for direct manipulation by 
a user. 

In operation, the apparatus 500 is gripped by the user and positioned against the foam 
components to be welded, with guides 502 in contact with or bearing against one or more 
surfaces of the foam, and with the interface blade 52 positioned between opposing surfaces of the 
foam components. With a welding energy source such as heated air supplied to the coupling 56 
and nozzle 54, the apparatus 500 is moved along a length of the interface to create a weld. 
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External pressure can be applied to one or more of the foam components by hand or by other 
mechanism to facilitate formation of the weld or welds. The hand held version of apparatus 500 
is particularly advantageous for creating welds along convoluted or intricate interfaces between 
foam components which require multiple turns and changes in position of the interface blade 52 
and nozzle 54. Different sized interface blades 52 and nozzles 54 can be provided for different 
applications and best fit with the interface of the foam components. A cutting or trimming blade 
can also be attached to the body 501 with adequate shrouding for trimming one ore more of the 
foam components proximate to the weld. 
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